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Background: Bronchial asthma is a disease characterized by paroxysmal and reversible 

obstruction of the airways. The imbalance between the oxidant and antioxidant system that is 

called oxidative stress is critical in asthma pathogenesis. It is likely, therefore, that antioxidants 

may be effective in the treatment of asthma. Systemic treatment with glucocorticoids has been 

reported to inhibit smooth muscle hypercontraction which may account partially for their 

beneficial effects in the treatment of asthma.

Objective: The present study was conducted in order to study the effect of dexamethasone 

and some antioxidant vitamins on interleukin-4 (IL-4), immunoglobulin E (IgE) and heat shock 

protein 70 (Hsp70) in bronchial asthma in rats, and to recognize their possible beneficial role.

Method: The study was conducted on 60 adult male albino rats randomly divided into 4 groups 

(15 for each group): including normal control group (group A); asthma model group where rats 

were sensitized by ovalbumin and challenged with antigen aerosol producing bronchial asthma 

(group B); asthma model group treated with antioxidant vitamins (vitamin E and vitamin C) 

(group C); asthma model group treated with dexamethasone (group D). Blood and lung samples 

were collected from all groups.

Results and Conclusion: Our results revealed a significant decrease of serum reduced 

glutathione (GSH) levels among groups B, C and D as compared to group A, while there was 

a significant increase in group C and D as compared to group B. Antioxidant and dexametha-

sone treatment resulted in a significant decrease of serum IL-4, malondialdehyde (MDA), and 

serum IgE levels in group C and D as compared to group B. Antioxidant treatment resulted 

in a significant decrease of serum Hsp70 level as compared to group B, while dexamethasone 

treatment resulted in a significant increase of serum Hsp70 level as compared to group B. This 

study suggests that it is likely that a combination of antioxidant vitamins may be effective in the 

treatment of asthma, considering their reported effects on lowering MDA, IL-4, and IgE levels, 

and the similar beneficial effects of dexamethasone in addition to increasing the expression of 

Hsp70 in the studied model of bronchial asthma.

Keywords: oxidative stresss, heat shock protein 70, interleukin-4, immunoglobulin E, malon-

dialdehyde, reduced glutathione, rats

Introduction
Bronchial asthma (BA) is an inflammatory disorder in which genetic and environmental 

factors play an important role.1 It is a chronic inflammatory airway disease characterized 

by an intense eosinophilic inflammatory infiltrate on bronchial mucous membranes.2 

There is also infiltration of the airways with T-cells, mast cells, basophils and mac-

rophages.3 Airway smooth muscle hypertrophy and hyperplasia are characteristics of 

asthma that lead to thickening of the airway wall and obstruction of airflow.4

Jo
ur

na
l o

f E
xp

er
im

en
ta

l P
ha

rm
ac

ol
og

y 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Experimental Pharmacology 2010:2submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

94

Nounou et al

Oxygen radicals are produced by inflammatory cells in 

the airways and/or inhaled directly from environmental air.5 

Oxidative stress has important implications on the pathogen-

esis of chronic obstructive airway diseases. These include 

oxidative inactivation of antiproteases and surfactants, mucous 

hypersecretion, membrane lipid peroxidation, mitochondrial 

respiration, alveolar epithelial injury, remodeling of extracel-

lular matrix, and apoptosis.6 The mechanism by which oxygen 

radicals cause asthma pathology is through the oxidation or 

nitration of proteins, lipids, or DNA, to cause dysfunction in 

these molecules. In addition, the normal physiological anti-

oxidant system is impaired in asthma, possibly because of 

inflammation. Thus, the imbalance between the oxidant and 

antioxidant system, called oxidative stress, is critical in asthma 

pathogenesis.5 It is believed that oxidative stress not only has 

important consequences for the pathogenesis of asthma, but 

also for the severity and treatment of this disease. It is likely, 

therefore, that antioxidants may be effective in the treatment of 

asthma.7 Moreover, epidemiological studies suggest that higher 

intakes of dietary vitamin C may be associated with a reduced 

risk of asthma.8 Increased dietary vitamin E intake is also asso-

ciated with a reduced incidence of asthma, and combinations of 

antioxidant supplements which include vitamin E are effective 

in reducing ozone-induced bronchoconstriction.9

The heat shock proteins (Hsps) are highly conserved 

proteins inducible in response to a wide variety of stresses.10 

Hsps are involved in various biological functions including 

intracellular chaperones of naïve, aberrantly folded, or mutated 

proteins; cytokines of signal transduction cascades involved 

in inflammatory response; and cytoprotective agents.11 In 

addition, Hsps are also involved in transport of proteins and 

peptides through cellular compartments.12 This suggests that 

Hsps may modulate immune and inflammatory responses and 

may be involved in the pathogenesis, and/or be markers for risk 

and prognosis, of certain diseases including asthma.13

Heat shock protein 70 (Hsp70) is recognized as having 

a role in chaperoning antigenic peptides and in facilitating 

class II peptide assembly.14 Hsp70 has been reported to block 

apoptosis by binding apoptosis protease activating factor-1 

(Apaf-1), thereby preventing constitution of the apoptosome, 

the Apaf-1/cytochrome c/caspase-9 activation complex.15

Interleukin-4 (IL-4) is implicated in the pathogenesis 

of asthma and airway eosinophilia. It is also known for its 

capacity to induce mucin production and secretion.16

Activated Th2 cells, eosinophils and basophils may pro-

duce IL-4. This cytokine has a unique role in directing in 

immunoglobulin isotype switching towards the synthesis of 

immunoglobulin E (IgE). Moreover, IL-4 has a critical role in 

the upregulation of IgE synthesis.17 IL-4 mediates important 

proinflammatory functions in asthma in induction of the IgE 

isotype switch, promotion of eosinophil transmigration across 

endothelium, mucus secretion, and differentiation of T-helper 

type 2 lymphocytes leading to cytokine release.18

IgE molecules play a crucial role in allergic respiratory 

diseases.19 An increased IgE production is the strongest 

predisposing factor for the development of asthma. IgE is a 

key component of asthma pathophysiology.20 The quantity 

of antigen-specific IgE is thought to affect the intensity of 

the allergic reaction.21

Corticosteroids are known to exert their effects on the 

airway vasculature through both genomic and nongenomic 

mechanisms.22 Systemic treatment with glucocorticoids has 

been reported to inhibit smooth muscle hypercontraction 

which may account partially for their beneficial effects in 

the treatment of asthma.23 In our study, we hypothesized that 

if antioxidant vitamin supplements used before an asthmatic 

attack could provide more or less similar effects on serum 

reduced glutathione (GSH), IgE, IL-4, and Hsp70 as dex-

amethasone, then we might recommend using them in com-

bination with reduced doses of dexamethasone in bronchial 

asthma patients, thus reducing the exposure to the numerous 

side effects of corticosteroids. Hence, the present study was 

conducted to find out the effect of dexamethasone and some 

antioxidant vitamins on the pathogenesis of BA, and to dem-

onstrate possible physiological benefits of using both, through 

studying their effects on serum levels of GSH, IL-4, IgE, and 

Hsp70 in an experimental model of BA in rats.

Material and methods
The study was conducted on 60 adult male albino rats weigh-

ing 150–200 g. They were allowed a chow diet and water ad 

libitum. All experiments were performed in accordance with 

national animal care guidelines and were pre-approved by the 

faculty ethics committee. Rats were randomly divided into 4 

groups (15 for each group): including normal control group 

(group A); induced asthma model group where rats were sen-

sitized by ovalbumin and challenged with antigen aerosol thus 

bronchial asthma was produced (group B); induced asthma 

model group treated with antioxidant vitamins (vitamin E and 

C) (group C); and lastly induced asthma model group treated 

with dexamethasone (group D).

immunization and exposure of rats  
in groups B, c and D
On the first day of the experiment (day 0) and then again on 

day 12, the rats in group B, C and D were actively immunized 
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by intraperitoneal injection of 50 µg of ovalbumin (OVA) 

grade V (Sigma-Aldrich, St. Louis, MO), adsorbed to 1 mg 

of aluminum hydroxide (Sigma-Aldrich) in 0.9% sterile 

saline. On day 23, rats were exposed to an aerosol of OVA in 

0.9% sterile saline for 30 min; this was repeated three times 

at 1-hour intervals, and then every second day thereafter, for 

a total of 8 days.24 Signs of bronchospasm were assessed by 

the presence of whistling wheeze, dyspnea, acrycyanosis of 

paws, limbs, ears and tails, by tachypnea noted on rats, and 

sometimes, convulsions. The aerosol was generated with an 

ultrasonic nebulizer (Sunrise, Devilbiss Medical, Nantes, 

France). According to the specifications supplied by the 

manufacturer, the output of the nebulizer is 0.5 mL/min, and 

the particles produced have a mean diameter of 3.5 µm. The 

concentration of OVA in the nebulizer was 10 mg/mL.24

The same procedures of immunization by intraperitoneal 

injection and exposure to aerosol were applied to the control 

group using 0.9% saline. Twenty-four hours after the last 

aerosol exposure, the rats in group A and B were anesthetized 

by intraperitoneal injection of pentobarbital 80 mg/kg body 

weight (Tokyo Kasei, Tokyo, Japan) and sacrificed, following 

which blood and lung samples were collected.

Group C received diet mixed with 400 mg/kg/day of vita-

min E (α-tocopherol) in their food, and vitamin C (calcium 

L-ascorbate dihydrate) (500 mg/100 mL of drinking water) 

using nasogastric tube.25,26 The rats in group C were treated with 

vitamins E and C from day 0 of the experiment and continued 

for twelve weeks. Drugs were obtained from the Sigma and 

Fluka Company (Sigma Aldrich, Prague, Czech Republic).

Rats in group D were immunized and exposed to OVA 

aerosol challenge as previously explained above, after which 

the OVA aerosol challenges were repeated twice weekly for 3 

months. The rats in this group were intraperitoneally injected 

with dexamethasone (Changzhou Second Pharmaceuticals 

Co., Changzhou, China) (1 mg/kg in 100 µL of sterile PBS). 

The first dose of dexamethasone was administered 6 hours 

before the first OVA challenge (day 23) and dosage was then 

continued daily for duration of the 12-week period of twice 

weekly OVA aerosol challenges.27 Rats in group C and D 

were anesthetized by intraperitoneal injection of phenobar-

bital 80 mg/kg body weight, and sacrificed 24 hours after the 

last doses of the antioxidant vitamins and dexamethasone 

respectively, at which time blood and lung samples were 

collected.

Venous blood samples were collected from all groups in dry 

test tubes without additives and left to clot, then the blood was 

centrifuged at 3000 rpm for 15 minutes at 4°C to separate the 

serum and stored at −80°C until used for estimation of Hsp70, 

IL-4, IgE, and GSH. The remaining erythrocytes were washed 

three times in cold saline, then hemolyzed using ice cold 

distilled water at a rate of 1–4 volumes. Cell membrane was 

removed by centrifugation and the hemolysates were frozen 

in aliquots at −80°C for analysis of MDA.

Lung histology
The lungs were resected, fixed in 10% phosphate-buffered 

formalin, embedded into paraffin, sectioned, stained with 

hematoxylin-eosin solution, and examined by light micros-

copy for histologic changes.

Estimation of heat shock protein 
70 (hsp70), interleukin-4 (iL-4) and 
immunoglobulin-E (igE) immunoassays28–30

These assays employ the quantitative sandwich enzyme 

immunoassay technique: Assay Designs Stressgen High 

Sensitivity EIA Kit for HSP70, the IL-4 immunoassay kit 

was purchased from Quantikine, R and D Systems, USA and 

the high sensitive ELISA kit for IgE was purchased from 

BioVendor, Laboratorní Medicína, Czech Republic.

GSH contents were determined via the method of Miwa 

et al.31 GSH determination is based on the development of a 

yellow color when 5,5′ dithio (2-nitro benzoic acid) (DTNB) 

is added to compounds containing sulfhydryl groups. The 

values are expressed as mg/100 mL.32

MDA was used as a biochemical marker for lipid per-

oxidation, and was measured by the method described by 

Ohkawa et al33 using thiobarbituric acid (TBA).

Statistical analysis
Statistical analysis was done using Statistical Package for 

Social Sciences (SPSS/version 15) software. Results were 

expressed as means ± SD (mean ± SD). One-way ANOVA 

(F) test was done to make the comparison between different 

groups. P , 0.05 was considered statistically significant.

Results
serum reduced glutathione (gsh)  
in mg/100 mL
The results of the present study showed a significant decrease 

of serum GSH levels in groups B, C and D as compared 

to the control group A, (27.39 ± 1.22, 30.76 ± 1.44, and 

31.36 ± 1.44* vs 36.95 ± 4.18 mg/100 mL, P , 0.05). How-

ever, there was a significant increase of serum GSH levels 

in groups C and D as compared to group B, (30.76 ± 1.44, 

and 31.36 ± 1.44* vs 27.39 ± 1.22 mg/100 mL, P , 0.05) 

(F = 40.768) (Table 1, Figure 1).
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serum interleukin-4 (iL-4) in pg/mL
There was a signif icant increase of serum IL-4 in 

groups B and C as compared to group A (50.91 ± 1.13 

and 48.14 ± 0.47* vs 46.10 ± 0.20 pg/mL, P , 0.05). 

Antioxidant treatment and dexamethasone treatment 

resulted in a significant decrease of serum IL-4 levels in 

groups C and D as compared to group B (48.14 ± 0.47 

and 46.20 ± 0.17* vs 50.91 ± 1.13 pg/mL, P , 0.05) 

(F = 193.204) (Table 2,  Figure 2).

red blood cell hemolysates 
malondialdehyde (MDA) in mmol/g 
hemoglobin
A significant increase of MDA levels was reported in groups B 

and C as compared to group A (2.97 ± 0.24 and 2.19 ± 0.05* 

vs 2.06 ± 0.03 mmol/g hemoglobin, P , 0.05). MDA level 

was significantly decreased in groups C and D as compared to 

group B (2.19 ± 0.05 and 2.07 ± 0.02* vs 2.97 ± 0.24 mmol/g 

hemoglobin, P , 0.05) (F = 180.094) (Table 3, Figure 3).

serum immunoglobin E (igE) levels  
in µg/mL
As shown in Table 4, there was a significant increase of serum 

IgE levels in groups B and C as compared to the control 

group (2.36 ± 0.11 and 1.76 ± 0.17* vs 1.17 ± 0.01 µg/mL, 

P , 0.05).

Group C and group D rats showed a significant decrease 

of serum IgE levels as compared to group B (1.76 ± 0.17 and 

1.19 ± 0.02* vs 2.36 ± 0.11 µg/mL, P , 0.05) (F = 436.383) 

(Table 4, Figure 4).

serum heat shock protein 70 (hsp70)  
in ng/mL
Our results showed a significant increase of serum Hsp70 

in groups B and D as compared to group A (12.63 ± 0.13 

and 14.52 ± 0.15* vs 10.68 ± 0.15 ng/mL, P , 0.05). 

Antioxidant treatment (group C) resulted in a significant 

decrease of serum Hsp70 level as compared to group B 

(10.67 ± 0.11* vs 12.63 ± 0.13 ng/mL, P , 0.05), while 

Table I serum reduced glutathione (gsh) levels in mg/100 mL

Parameter Groups Min. Max. Mean S.D. F P

gsh (mg/100 mL) group A 33.30 49.60 36.95a 4.18 40.768 0.0002*
group B 26.03 29.50 27.39b 1.22
group c 28.80 33.80 30.76c 1.44
group D 28.60 35.30 31.36c 1.44

Notes: serum gsh levels in mg/100 mL among the studied groups expressed as mean ± sD.
*significant at P , 0.05 compared to groups A, B, C and D. The same small letters (c, c) indicate there was no significant difference, while the different letters (a, b, c) indicate 
there was a significant difference.
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Figure I Serum reduced glutathione (GSH) in mg/100 mL. Serum GSH levels in mg/100 mL among the studied groups. Serum GSH levels were significantly decreased in 
groups B, C, and D as compared to group A. While they were significantly increased in induced bronchial asthma groups treated with antioxidant and dexamethasone  (groups 
c and D) as compared to the induced bronchial asthma group (group B).
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dexamethasome treatment (group D) resulted in a  significant 

increase of serum Hsp70 level as compared to group 

B (14.52 ± 0.15* vs 12.63 ± 0.13 ng/mL, P , 0.05) 

(F = 2721.89) (Table 5, Figure 5).

Lung histology
The results of the present work revealed the histological pat-

terns shown in Figures 6 (a, b, c, d and e). The airways in 

induced BA (group B) showed the characteristic occlusion 

by tenacious plugs of exudates and mucus. There was also 

thickening of the reticular layer beneath the epithelial basal 

lamina, and increased inflammatory infiltrate comprising 

‘activated’ lymphocytes and eosinophils. The control group 

showed normal bronchial wall, and scanty mononuclear cells 

were seen in the lamina propria (Figures 6 a, b, c). Antioxi-

dant treatment (group C) showed less mucus secretion and 

inflammation than group B (Figure 6 d). Group D treated with 

dexamethasone revealed a total clearance of secretions, with 

fewer eosinophils (Figure 6 e).

Discussion
In the pathogenesis of bronchial asthma, the sensitization 

and allergization of the mast cell lead to its degranulation, 

with the subsequent release of mediators which result 

in bronchoconstriction and the production of viscous 

mucus.34

The results of the present study showed a significant 

decrease of serum GSH levels in groups B, C and D as 

compared to the control group A. This may be explained 

by allergens inducing chronic airway inflammation through 

the generation of reactive oxygen species, causing oxida-

tive stress. Mean blood levels of GSH were reported to be 

significantly lower in bronchial asthma cases, which can be 

explained by oxidative stress.35

Another study investigating daily micronutrient/antioxi-

dant intake and asthma severity revealed reduction of platelet 

GSH-peroxidase activity in the most severe cases, suggesting 

that these patients have a diminished capacity to restore part 

of the antioxidant defenses.36

Table 2 serum interleukin-4 (iL-4) in pg/mL

Parameter Groups Min. Max. Mean S.D. F P

iL-4 (pg/mL) group A  45.80 46.40 46.10a 0.20 193.204 0.0001*
group B 49.70 53.50 50.91b 1.13
group c 47.50 48.90 48.14c 0.47
group D 46.00 46.50 46.20a 0.17

Notes: serum iL-4 in pg/mL among the studied groups expressed as mean ± sD.
*significant at P , 0.05 compared to groups A, B, C and D. The same small letters (a, a) indicate there was no significant difference, while different letters (a, b, c) indicate 
there was a significant difference.
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Figure 2 Serum interleukin-4 (IL-4) in pg/mL. Serum IL-4 levels were significantly increased in groups B and C as compared to group A. Antioxidant and dexamethasone 
treated groups (groups C and D) showed a significant decrease in 9 serum IL-4 levels as compared to induced bronchial asthma group (group B).
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Our results also showed a significant increase of serum 

GSH levels in groups C and D as compared to group B. This 

is also in accord with previous research that demonstrated 

a role for vitamin C and E in maintaining glutathione in 

its reduced form, and their ability to compensate for GSH 

depletion. Both of these findings support their preventive or 

therapeutic use in combating age- and pathology-associated 

declines in GSH.37

Recent research has demonstrated significant alterations 

of GSH homeostasis in children with severe  refractory 

asthma, characterized by decreased GSH, increased GSSG, 

and greater oxidation as measured by the GSH redox 

 potential.38 Although previous studies have provided some 

support for the role of dietary antioxidants in allergic airway 

disease, the results of antioxidant supplementation studies 

have been largely disappointing. However, these previous 

studies focused on clinical outcomes such as  pulmonary 

 function and did not take into account the effects of 

 antioxidant therapy on extracellular antioxidant balance or 

intracellular signaling.39

Administration of exogenous corticosteroids has been 

reported to accelerate the late gestational rise in fetal rat lung 

antioxidant enzyme activity, however the effect of dosing 

intervals on these responses remains uncertain. What has 

been demonstrated is the positive effect of a single dose of 

betamethasone on lung antioxidant enzyme activity.40

As regards IL-4 levels, there was a significant increase 

of serum IL-4 in groups B and C as compared to group A. 

An essential biological activity of IL-4 in the development 

of allergic inflammation is to drive the differentiation of 

naïve helper T-cells (Th0 cells) into Th2 cells, which secrete 

IL-4.41,42 Accumulating evidence indicates that T helper 

cell-derived cytokines, such as IL-4, play a critical role 

in orchestrating and amplifying allergic inflammation in 

asthma.43 In our study antioxidant and dexamethasone treat-

ment resulted in a significant decrease of serum IL-4 levels 
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Figure 3 Red cell hemolysates malondialdehyde levels (MDA) in mmol/g hemoglobin. Red cell hemolysates MDA levels showed a significant increase in groups B and C 
when compared to group A. There was a significant decrease in their levels in antioxidant and dexamethasone treated groups (groups C and D) compared to the induced 
bronchial asthma group (group B).

Table 3 red blood cell hemolysate malondialdehyde (MDA) levels in mmol/g hemoglobin

Parameter Groups Min. Max. Mean SD F P

MDA (mmol/g hemoglobin) group A 2.02 2.09 2.06a 0.03 180.094 0.0001*
group B 2.09 3.08 2.97b 0.24
group c 2.15 2.27 2.19c 0.05
group D 2.05 2.09 2.07a 0.02

Notes: red blood cell hemolysate MDA levels in mmol/g hemoglobin expressed as mean ± sD.
*significant at P , 0.5 compared to groups A, B, C and D. The same small letters (a, a) indicate there was no significant difference, while the different letters (a, b, c) indicate 
there was a significant difference.
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in groups C and D as compared to group B, which may be 

beneficial in decreasing allergic inflammation in BA.

Vitamin C has been implicated in immune response. In 

fact, in vivo administration of vitamin C modulates T cell 

proliferation and cytokine secretion.44 IL-4 plays a pivotal 

role in the development of allergic inflammation via the 

induction of IgE isotype switching, an increase of IgE 

receptor expression, promoting Th2 cell differentiation, 

and stimulating several genes involved in atopic disorders.45 

Previous data has shown that vitamin E suppresses IL-4 

protein levels in human peripheral blood T- cells in a dose-

dependent manner. Such data provide molecular evidence 

supporting the beneficial effect of dietary vitamin E on 

atopic disorders.46

However, other research has demonstrated that supple-

mentation of sufficiently fed non-stressed, young adult mice 

with vitamins C had no effect on immune function. They 

speculated that using this model in aged, physiologically, 

or nutritionally stressed mice may provide outcomes more 

similar to those in sensitive human populations.47

A significant increase of MDA levels was reported in 

groups B and C as compared to group A. MDA is considered 

a marker of end- stage lipid peroxidation. Plasma levels of 

MDA were reported to be elevated in bronchial asthma patients 

which could be explained by the imbalance between increased 

production of free oxygen radicals and decreased antioxidative 

defense. This imbalance could be considered as the important 

triggering factor, as well as the factor responsible for the main-

tenance of chronic inflammation.48 According to our findings, 

MDA level was significantly decreased in groups C and D as 

compared to group B, which could explain the protective role 

of antioxidants and dexamethasone in BA. It has been recently 

demonstrated that vitamin C treatment in pregnancy signifi-

cantly reduced lipid peroxidation and MDA production during 

pregnancy.49 On the other hand, plasma MDA levels showed 

no  differences among experimental hyperthyroid animals and 

Table 4 serum immunoglobulin E (igE) levels in µg/mL

Parameter Groups Min. Max. Mean SD F P

igE levels (µg/mL) group A 1.15 1.19 1.17a 0.01 436.383 0.00001*
group B 2.23 2.53 2.36b 0.11
group c 1.45 2.00 1.76c 0.17
group D 1.17 1.22 1.19a 0.02

Notes: serum igE levels µg/mL expressed as mean ± sD.
*significant at P , 0.05 compared to groups A, B, C and D. The same small letters (a, a) indicate there was no significant difference, while different letters (a, b, c) indicate 
there was a significant difference.

N =

S
er

um
 Ig

E
 le

ve
ls

 (
µg

/m
L)

2.8

2.6

2.4

2.2

2.0

1.8

1.6

1.4

1.2

1.0
15151515

Group A Group B Group C Group D

Figure 4 serum immunoglobulin E (igE) levels in µg/mL. Serum IgE levels were significantly increased in groups B and C as compared to group A. There was a significant 
decrease in igE in the antioxidant and dexamethasone treated groups (groups c and D) compared to induced bronchial asthma group (group B).
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those supplemented with vitamin C and E. Having said that, 

MDA levels measured in non-HDL fraction were significantly 

lower in the vitamin-supplemented groups, which indicates 

that vitamin E, as well as vitamin C, supplementation protect 

these lipoproteins from oxidation.50

Hanta et al 2003 used mild asthmatic patients divided 

into inhaled steroids and no inhaled steroid user; this study 

found no significant differences in the measurements of 

plasma MDA level between the mentioned subgroups. 

The previous study also suggested that oxidant-antioxidant 

balance is not significantly affected in mild asthmatics or 

measurement of plasma level of MDA is not sensitive to the 

oxidant-antioxidant balance in mild asthmatics.51

Previous research done to study of the effect of 

dexamethasone on small bowel and kidney oxidative stress 

found that the mean serum MDA level showed a signifi-

cant decrease among the dexamethasone-treated group as 

Table 5 serum heat shock protein 70 (hsp70) in ng/mL

Parameter Groups Min. Max. Mean S.D. F P

hsp70 (ng/mL) group A 10.50 11.02 10.68a 0.15 2721.89 0.0001*
group B 12.40 12.80 12.63b 0.13
group c 10.40 10.80 10.67a 0.11
group D 14.20 14.80 14.52c 0.15

Notes: serum hsp70 in ng/mL among the studied groups expressed as mean ± sD.
*significant at P , 0.05 compared to groups A, B, C and D. The same small letters (a, a) indicate there was no significant difference, while different letters (a, b, c) indicate 
there was a significant difference.
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Figure 5 Serum heat shock protein 70 (Hsp70) in ng/mL. Serum Hsp70 levels showed a significant increase in groups B and D compared to group A.  Induced bronchial 
asthma group treated with antioxidant (group C) showed a significant decrease in serum HSP70 as compared to the induced bronchial asthma group (group B), while induced 
bronchial asthma group treated with dexamethasone (group D) showed a significant increase in serum HSP70 levels as compared to the induced bronchial asthma group 
(group B).

 compared to the untreated one.52 Similarly, lipid peroxidation, 

as shown by serum and cerebrospinal MDA, was increased 

in multiple sclerosis patients and reduced with corticosteroid 

therapy.53

The results of the present study showed a significant 

increase in serum IgE levels in groups B and C as compared 

to the group A. Previous studies have reported that the high-

est levels of IgE and eosinophil infiltration were achieved 

after systemic sensitization with allergen (plus adjuvant) 

followed by repeated airway challenge.54 Elevated levels 

of IgE are associated with bronchial asthma. Activation of 

antigen-specific T helper (Th) 2 cells in the lung, with the 

subsequent release of IL-4 and IL-5, is believed to play an 

important role in the pathogenesis of this disease.55

Group C and group D rats showed a significant decrease 

of serum IgE levels as compared to group B. Investigating the 

relationship between dietary vitamin E intake and serum IgE 
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Figure 6 histological pattern of bronchial wall in control and induced bronchial asthma stained with h&E. a) Normal bronchial wall in control group. scanty mononuclear 
cells are seen in lamina propria (2×); b) Induced bronchial asthma group. The lamina propria shows moderate infiltration by mononuclear cells mixed with several eosinophils 
(arrow) (40×); c) induced bronchial asthma group. The airways in asthma are occluded by tenacious plugs of exudates and mucus (star). There is thickening of the reticular 
layer beneath the epithelial basal lamina (arrow). There is increased inflammatory infiltrate comprising ‘activated’ lymphocytes and eosinophils (40×); d) induced bronchial 
asthma group treated with antioxidant, Bronchiolar wall shows fewer amounts of mucous secretion and inflammation than bronchial asthma group (40×); e) induced bronchial 
asthma group treated with corticosteroids. The bronchial lumen show total clearance of secretion. A few mononuclear cells are seen around the bronchiole with occasional 
eosinophils (40×).

concentrations and atopy, higher concentrations of vitamin E 

intake were associated with lower serum IgE concentrations, 

and a lower frequency of allergen sensitization.56 These 

findings may explain the beneficial effect of dietary vitamin E 

on the incidence of asthma.

Previous research demonstrates that piglets which were 

not supplemented with vitamin C presented an increase in 

serum IgE, whereas vitamin C supplementation attenuated 

this, by increasing interferon-γ, whilst decreasing IL-4, in the 

cultured primary splenocytes, which suppresses the immune 

response. These results suggest that a mega-dose of vitamin C 

can be used to prevent soybean allergies.57

Our results showed a significant increase of serum Hsp70 

in group B as compared to group A. Recent research suggests 

that Hsp70 overexpression in asthma results from complex 

interactions between environmental exposures and genetic 

background, rather than from specific genetic variations 

in hsp70 genes.58 Hsp70 are recognized to have a role in 

chaperoning antigenic peptides and in facilitating class II 

peptide assembly. Hsp70 over-expression implies a potential 

role for these proteins in antigen processing and/or presenta-

tion, resulting in an increased activity of antigen presenting 

cells.59 Group C showed a significant decrease of serum 

Hsp70 level as compared to group B, while group D showed 
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a significant increase of serum Hsp70 level as compared to 

group B. This may be explained by an increase in other anti-

oxidant protective mechanisms which recommends further 

studies. Oxidative stress induces adaptations in the expres-

sion of protective enzymes and heat shock proteins (Hsps) in 

a variety of tissues. The possibility was also examined that 

supplementation of subjects with vitamin C influences the 

ability of lymphocytes to express protective enzymes and 

Hsps following exposure to an exogenous oxidant. Hsp70 

content of lymphocytes from supplemented subjects did 

not increase significantly in response to hydrogen peroxide. 

It was concluded that adaptive responses to oxidants are 

attenuated in vitamin C-supplemented subjects, but it is also 

possible that this may reflect an increased baseline expres-

sion of potential protective systems against oxidative stress 

as superoxide dismutase or catalase.60 Dexamethasone-

related Hsp70 induction might be explained by a possible 

cooperation of heat shock factor and glucocorticoid receptor 

in Hsp70 gene expression.61 Finally, the histological results 

of our present study showed significant improvement with 

both antioxidant and dexamethasone treatment, which goes 

hand in hand with the biochemical results.

Conclusion
This study suggests that it is likely that a combination of 

antioxidant vitamins may be effective in the treatment of 

asthma, taking into consideration their reported effects on 

increasing serum GSH levels and lowering serum MDA, 

IL-4, and IgE levels, and the similar beneficial effects of 

dexamethasone in addition to increasing the expression of 

Hsp70 in the studied model of bronchial asthma.
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